
��������	
�������������������

��������	
	�����������	

��������	��
��
���

�������	
��

��������	

��������	
���������������

���������	
��

��������

�������	
����	������	���	���������������	

��������	
�����	������	�������	�����������	�
�����������

�����������	
���
�	��������	
�����������

�������	��
	����������
������������������	
���



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

http://www.jaea.go.jp  
 

 
 

319-1195 2 4 
029-282-6387, Fax 029-282-5920, E-mail:ird-support@jaea.go.jp  

 
This report is issued irregularly by Japan Atomic Energy Agency 
Inquiries about availability and/or copyright of this report should be addressed to  
Intellectual Resources Section, Intellectual Resources Department,  
Japan Atomic Energy Agency 
2-4 Shirakata Shirane, Tokai-mura, Naka-gun, Ibaraki-ken 319-1195 Japan 
Tel +81-29-282-6387, Fax +81-29-282-5920, E-mail:ird-support@jaea.go.jp 
 

© Japan Atomic Energy Agency, 2008 



i 

JAEA-Data/Code 2008-012

ERRORF - A Code to Calculate Covariance of Self-shielding Factor and Its
Temperature Gradient

Naohiko OTUKA∗, Atsushi ZUKERAN∗∗, Hideki TAKANO∗∗,

Go CHIBA and Makoto ISHIKAWA

FBR System Technology Development Unit

Advanced Nuclear System Research and Development Directorate

Japan Atomic Energy Agency

Oarai-machi, Higashiibaraki-gun, Ibaraki-ken

(Received March 14, 2008)

A computer code, ERRORF, was developed for calculation of covariance of self-shielding factor

and its temperature gradient. This code is based on several modules. With this code, covirance

of self-shielding factor and its temperature gradient can be calculated from evaluated nuclear data

library in the ENDF format. The installation and calculation methods are explained with sample

input and output.

Keywords: Self-shielding Factor, Temperature Gradient, Covariance, Resolved Resonance Pa-

rameter, Sensitivity Coefficient, ERRORF

∗ Nuclear Data Section, Department of Nuclear Sciences and Applications, Division of Physical and

Chemical Sciences, International Atomic Energy Agency
∗∗ NAIS Co. Ltd.

i



ii 

JAEA-Data/Code 2008-012

ERRORF -自己遮蔽因子及びその温度勾配の共分散計算コード

日本原子力研究開発機構

次世代原子力システム研究開発部門

FBR要素技術ユニット

大塚　直彦 ∗、瑞慶覧　篤 ∗∗、高野　秀機 ∗∗、千葉　豪、石川　眞

(2008年 3月 14日受理)

自己遮蔽因子とその温度勾配の共分散を計算するためのコード ERRORFを開発した。この

コードは幾つかのモジュールから構成されている。このコードにより、ENDF形式に格納され

た評価済み核データライブラリに基づいた自己遮蔽因子とその温度勾配の共分散を計算するこ

とができる。本レポートでは、導入方法と計算方法を入出力例とともに示す。

大洗研究開発センター (駐在)：〒 311-1393茨城県東茨城郡大洗町成田町 4002
∗ 国際原子力機関原子核科学応用局理化学部核データ課
∗∗ 株式会社ナイス

ii



iii 

Contents

1 Introduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 Formalism . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

3 Modules . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

4 Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4.1 Requirements . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4.2 Installation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

4.3 Configuration . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5 Execution with Sample Input . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5.1 Get resonance level scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5.1.1 Prepare getlevel.inp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5.1.2 Execute ERRORF to get level scheme . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

5.2 Input files for NJOY calculation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.2.1 prenjoy.inp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.2.2 group.inp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.3 Main calculation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.3.1 Make output directory . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.3.2 errorf.inp . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.3.3 Run ERRORF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.4 Output . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.4.1 Main output files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.4.2 Other output files . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

5.5 Analysis for various reactionchannels/background cross sections . . . . . . . . . . . . . . . . 15

6 Conclusion . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

iii

JAEA-Data/Code  2008-012



iv 

目　　次

1 はじめに . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

2 定式化 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

3 各モジュール概要 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

4 インストール . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4.1 システム環境 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4

4.2 導入 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

4.3 設定 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5 実行 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5.1 レベルリスト作成 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5.1.1 getlevel.inpの準備 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6

5.1.2 レベルリストの取得 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7

5.2 NJOY計算用入力 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.2.1 prenjoy.inpの準備 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.2.2 group.inpの準備 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8

5.3 主計算実行 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.3.1 出力ディレクトリ作成 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.3.2 errorf.inpの準備 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

5.3.3 ERRORF実行 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.4 出力ファイル . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.4.1 主たる出力ファイル . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 11

5.4.2 その他の出力ファイル . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

5.5 種々の反応チャネルと背景断面積での解析 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

6 おわりに . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

引用文献 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 16

iv

JAEA-Data/Code  2008-012



JAEA-Data/Code  2008-012

－ 1 －

1 Introduction

Doppler reactivity has been recognized as one of the most important safety parameters among the

self regulation characteristics of reactors, and high accuracy in the prediction of the reactivity has

been vigorously sought in reactor design. In standard sensitivity analyses of nuclear characteristics,

the relative sensitivity of a nuclear characteristic R to the infinite dilution cross section σ̂∞, SR,σ =

(σ̂∞/R)(∂R/∂σ̂∞) has been used. The sensitivity analysis code SAGEP [1] has used this relative

sensitivity coefficient for improvement in adjusted reactor constants with fixed self-shielding factors.

This formalism, however, is not applicable to temperature-related nuclear characteristics such as

Doppler reactivity because such characteristics depend on the self-shielding factor as well as the

infinite dilution cross section. Regarding the temperature gradient of the self-shielding factor as a

“pseudo cross section”, the relative sensitivity of the temperature-related nuclear characteristic R to

the temperature gradient of the self-shielding factor α, SR,α = (α/R)(∂R/∂α), can be introduced.

If the temperature gradient α is defined by the logarithmic derivative of the self-shielding factor

with respect to temperature, the coefficients SR,α can be obtained from the sensitivity coefficients of

effective neutron multiplication factor keff to the infinite dilution cross section Skeff ,σ [2].

The ERRORF code has been developed to calculate covariances of the self-shielding factor and

its temperature gradient from the resonance parameter covariance matrix and the sensitivity of the

self-shielding factor and its temperature gradient to the resonance parameters.

In this manual, we briefly summarize the formalism used in this code. Then installation and

input/output of the ERRORF code system are explained with an example of input and output files.

The main reference of the ERRORF code [3] shows more detailed background and theoretical

description of this work with an evaluation for uranium-238 capture reaction. In addition, evaluation

for uranium-235, uranium-238, plutonium-239 and plutonium-240 are reported elsewhere [4].

2 Formalism

We define the g-th group self-shielding factor fg
i,c(T, σb) and its temperature gradient αg

i,c(T, σb)

as follows,

fg
i,c(T, σb) =

σ̂g
i,c(T, σb)
σ̂g

i,c,∞
, (1)

αg
i,c(T, σb) =

1
fg

i,c(T, σb)
∂ fg

i,c(T, σb)
∂ T

, (2)

where

σ̂g
i,c,∞ = σ̂g

i,c(Tref , σb = ∞) (3)

1
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is the infinite dilution cross section calculated at a reference temperature Tref
∗. Two suffixes i and c

refer nuclide and reaction channel considered. Hereafter we omit temperature and background cross

section dependence as well as these suffixes.

Error propagation from resonance parameter to self-shielding factor and its temperature gradient

is written as

θgg�
δfg

fg

δfg�

fg�
=

�
i,j

xi

fg

∂fg

∂xi

xj

fg�
∂fg�

∂xj
ρij

δxi

xi

δxj

xj
=

�
i,j

sg
i s

g�

j ρij
δxi

xi

δxj

xj
, (4)

τgg�
δαg

αg

δαg�

αg�
=

�
i,j

xi

αg

∂αg

∂xi

xj

αg�
∂αg�

∂xj
ρij

δxi

xi

δxj

xj
=

�
i,j

Sg
i Sg�

j ρij
δxi

xi

δxj

xj
, (5)

where

θgg� : Correlation matrix of self-shielding factor {fg}
τgg� : Correlation matrix of temperature gradient {αg}
xi : Resonance parameter x={xi}=(Er,1, Γn,1, Γγ,1, ...)

ρij : Correlation matrix of resonance parameter x

δxi : Absolute standard deviation of resonance parameter xi

sg
i : Relative sensitivity coefficient of self-shielding factor fg to resonance parameter xi

Sg
i : Relative sensitivity coefficient of temperature gradient αg to resonance parameter xi.

The relative sensitivity coefficients sg
i and Sg

i are defined as

sg
i (x, T ) =

xi

fg(x, T )
∂fg(x, T )

∂xi
, (6)

Sg
i (x, T ) =

xi

αg(x, T )
∂αg(x, T )

∂xi
. (7)

The summations in Eqs. (4) and (5) are taken over all resolved resonance parameters. By equat-

ing g to g� in Eqs. (4) and (5), we obtain the relative variances of the self-shielding factor and its

temperature gradient in the g-th group,
�

δfg

fg

�2

tot

=
�
i,j

sg
i s

g
jρij

δxi

xi

δxj

xj
, (8)

�
δαg

αg

�2

tot
=

�
i,j

Sg
i Sg

j ρij
δxi

xi

δxj

xj
. (9)

These are simplified if we ignore contribution of correlation and consider only contribution of vari-

ance,
�

δfg

fg

�2

var

=
�

i

(sg
i )

2
�

δxi

xi

�2

, (10)

�
δαg

αg

�2

var
=

�
i

(Sg
i )2

�
δxi

xi

�2

. (11)

∗Tref=600 K is used in the reference [3].
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From Eqs. (4) and (5), the correlation matrices θgg� and τgg� can be expressed as

θgg� =


�

i,j

sg
i s

g�

j ρij
δxi

xi

δxj

xj




��
δfg

fg

δfg�

fg�

�
, (12)

τgg� =


�

i,j

Sg
i Sg�

j ρij
δxi

xi

δxj

xj




��
δαg

αg

δαg�

αg�

�
. (13)

Sometimes resolved resonance parameters are divided into some intervals which introduce a sub-

matrix structure to the covariance matrix of resonance parameters,

V =




V 1 0 0

0 V 2 0
. . . 0

0 0 0 V n




, (14)

where V is the resonance parameter covariance matrix and V l is the resonance parameter covariance

submatrix in the l-th energy interval.

The right hand sides of Eqs. (8) and (9) are accordingly decomposed as

�
δfg

fg

�2

tot

=
�
l∈Lg


 �

i,j∈Ml

sg
i s

g
jρij

δxi

xi

δxj

xj


 (15)

�
δαg

αg

�2

tot
=

�
l∈Lg


 �

i,j∈Ml

Sg
i Sg

j ρij
δxi

xi

δxj

xj


 (16)

where Lg means the set of energy intervals overlapping with the g-th group, and Ml means the set

of all resonance parameters of the levels in the l-th interval. Note that sg
i and Sg

i are zero if i ∈ Ml

and l /∈ Lg because we assume that the cross section in an energy interval in Lg is not sensitive to

the change in the i-th resonance parameter which is not in the energy interval Lg.

3 Modules

A brief description of modules in ERRORF is given in this section.

(1) READCOV: To read nuclear data file in the ENDF-6 format [5], and output resonance param-

eter covariance matrix.

(2) CHECKCOV: To prepare list of resonance levels to which covariances are evaluated.

(3) NJOYINPUTMAKER: To prepare the input file of njoy.

(4) REPCHANGE: To read nuclear data file in the ENDF-6 format, and to change the i-th res-

onance parameter xi in x to obtain a modified parameter set xi, where the i-th parameter is

changed from xi to (1 + �)xi.

3
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(5) NJOY: To construct cross section σ(xi, E, T ) from the modified resonance parameter set

xi, and to calculate the self-shielding factor fg(xi, T, σb) from the effective cross sections

σ̂(xi, T, σb) and infinite dilution cross sections σ̂(xi, Tref , σb = ∞) according to Eq. (2).

(6) FTOALPHA: To obtain the temperature gradient αg(xi, T ) and sensitivity coefficients sg
i (x, T )

and Sg
i (x, T ) from the partial derivatives of fg(xi, T ) with respect to the resonance parameter

and temperature. The partial derivative with respect to resonance parameters was performed

by the forward difference formula, while the partial derivative with respect to temperatures

is obtained by the three-point central difference formula for numerical accuracy. Namely,

αg(xi, T ), sg
i (x, T ) and Sg

i (x, T ) are obtained as

αg(xi, T ) =
1

fg(xi, T )
fg(xi, T + ∆T, σb) − fg(xi, T − ∆T, σb)

2∆T
, (17)

sg
i (x, T ) =

xi

fg(x, T )
fg(xi, T, σb) − fg(x, T, σb)

∆xi
, (18)

Sg
i (x, T ) =

1
αg(x, T )

sg
i (x, T + ∆T, σb) − sg

i (x, T − ∆T, σb)
2∆T

. (19)

(7) WRITESEN: To output list of sensitivity coefficients.

(8) FATABLE: To output list of self-shielding factor and its temperature gradient at temperature

T .

(9) ERRPROP: To calculate standard deviations δfg/fg and δαg/αg, and correlation θgg� and

τgg� according to the error propagation Eqs. (4) and (5).

4 Installation

4.1 Requirements

The following softwares are required:

• Fortran compiler (to compile some modules during installation)

• Perl system (to execute some perl scripts during calculation)

• NJOY system (to obtain self-shielding factors during calculation)

The ERRORF code has been tested in a Linux machine (DualCore Intel Xenon Processor 5110

1.6GHz and SuSE Linux Ver.7.3) with g77 fortran and njoy99.161. The description in this manual is

for UNIX systems.

4
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4.2 Installation

In order to install the ERRORF code, please gunzip the distributed file “errorf.tar.gz”.

% gunzip errorf.tar.gz

% tar xvf errorf.tar

Then the follwoing file structure should be generated.

errorf-+-code----+-checkcov.pl

| +-fatable.pl

| +-ftoalpha.f

| +-ftoalpha (must be prepared from ftoalpha.f by users)

| +-ftoalpha.pl

| +-errprop.f

| +-errprop (must be prepared from errprop.f by users)

| +-njoyinputmaker.f

| +-njoyinputmaker

| (must be prepared from njoyinputmaker.f by users)

| +-readcov.f

| +-readcov (must be prepared from readcov.f by users)

| +-repchange.pl

| +-writesen.pl

| +-Makefile

|

+-jendl---+-j33-u238.txt (for test run)

| +-(add your library file)

|

+-njoy----+-xnjoy (must be prepared by users)

|

+-readme--+-readme.pdf

| +-readme.txt (a short manual)

| +-readme_readcov.txt

|

+-test----+-errorf.inp

| +-errorf.sh

| +-group.inp

| +-prenjoy.inp

5
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| +-out----+-sample.product_1.dat

| +-sample.product_2.dat

| +-sample.product_3.dat

|

+-(add your working directory)

4.3 Configuration

After generation of this file structure, the following three set up works must be done:

(1) Prepare four executables “ftoalpha”, “njoyinputmake”, “errprop” and “readcov” from “ftoal-

pha.f”, “njoyinputmaker.f”, “errprop.f” and “readcov.f” as follows:

% make

(2) Find executable file of the NJOY system [7], and put it under the directory “njoy” with the file

name “xnjoy”. The NJOY executable file is not included in the ERRORF system distribution.

(3) Set paths in *.sh and *.pl file according to your envoronment. Default paths in these files are

/bin/csh and /usr/bin/perl for csh and Perl, respectively.

5 Execution with Sample Input

After installation, users can learn how to use the ERRORF code by using the set of sample input

files in the directory “test”, where calculation of covariance of self-shielding factor and its tempera-

ture gradient for uranium-238 neutron capture based on JENDL-3.3 [6] is considered as an example.

5.1 Get resonance level scheme

5.1.1 Prepare getlevel.inp

Prepare an input file “getlevel.inp”. This input file specifies orbital angular momentum considered

in the calculation.

Input specifications:

* card 1

endf input (name of input file in endf format)

* card 2
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imode (always 0)

* card 3

lvalue (orbital angular momentum, 9 for all l)

(end of file)

Example 1:

Below is an example “getlevel.inp”, where s-wave is considered.

../jendl/j33-u238.txt

0

0

5.1.2 Execute ERRORF to get level scheme

% errorf.sh < getlevel.inp

Then you should get “list lev.txt” as follows.

Example 2;

Below is an example of “list lev.txt”.

# Seq. L Eres (eV) Gam(n) (eV) Gam(g) (eV) .....

1 0 -4.405250E+03 1.085500E+02 2.300000E-02 .....

2 0 -4.133000E+02 7.072100E-02 2.300000E-02 .....

3 0 -3.933000E+02 6.898900E-02 2.300000E-02 .....

4 0 -3.733000E+02 6.721200E-02 2.300000E-02 .....

5 0 -3.533000E+02 6.538700E-02 2.300000E-02 .....

.....

556 0 1.040760E+04 2.205000E-01 2.300000E-02 .....

557 0 1.041300E+04 4.520000E-02 2.300000E-02 .....

558 0 1.042640E+04 4.610000E-02 2.300000E-02 .....

559 0 1.046480E+04 9.600000E-02 2.300000E-02 .....

560 0 1.049290E+04 8.335000E-01 2.300000E-02 .....

561 0 1.448490E+04 1.805100E+02 2.732600E-02 .....

You find level index in the first column (“Seq.”) of this file. This level index is used in “pren-

joy.inp” which will be described later.
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5.2 Input files for NJOY calculation

Prepare 2 input files, “prenjoy.inp” and “group.inp”.

5.2.1 prenjoy.inp

This input file gives some basic parameters of the NJOY calculation. Note that number of back-

ground cross sections (nsigz) is fixed to 9.

Input specifications:

* card 1

iwt (weighting function, see the NJOY manual)

* card 2

nsigz (number of background cross sections, always 9)

* card 3

sigz (set of background cross sections)

* card 4

nmt (number of reaction channel to be calculated)

* card 5

mtnum (set of reaction channel in mt scheme, see table 1) (end of file)

Example 3:

Below is an example of “prenjoy.inp”, with which self-shielding factor and its temperature gradient

are calculated for 2 reaction channels (nmt=2), i.e. fission reaction (mt=18) and capture reaction

(mt=102), at 9 background cross sections (nsigz=9), i.e. σb=1010, 106, 105, 104, 103, 102, 37, 1,

10−1 barn with weighting function of “Maxwell distribution + (1/E) + fission neutron distribution”

(iwt=6).

6 / iwt

9 / nsigz

1e10 1e6 1e5 1e4 1e3 1e2 37. 1. 0.1 / sigz

2 / nmt

18 102 / mtnum(1)

5.2.2 group.inp

Prepare an input file “group.inp”. This gives group structure in output files.
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Input specifications:

* card 1a

ngroup (number of groups)

* card 1b

eh (ngroup+1 group breaks in eV)

(end of file)

Example 4:

Below is an example of “group.inp”, where the JAERI Fast Set-3 (JFS-3) 70 group structure is given.

70

1.0000000E-05 3.2241900E-01 4.1399400E-01 5.3157900E-01 6.8256000E-01

8.7642500E-01 1.1253500E+00 1.4449800E+00 1.8553900E+00 2.3823700E+00

3.0590200E+00 3.9278600E+00 5.0434800E+00 6.4759500E+00 8.3152900E+00

1.0677000E+01 1.3709600E+01 1.7603500E+01 2.2603300E+01 2.9023200E+01

3.7266500E+01 4.7851200E+01 6.1442100E+01 7.8893200E+01 1.0130100E+02

1.3007300E+02 1.6701700E+02 2.1445400E+02 2.7536500E+02 3.5357500E+02

4.5399900E+02 5.8294700E+02 7.4851800E+02 9.6111700E+02 1.2341000E+03

1.5846100E+03 2.0346800E+03 2.6125900E+03 3.3546300E+03 4.3074300E+03

5.5308400E+03 7.1017400E+03 9.1188200E+03 1.1708800E+04 1.5034400E+04

1.9304500E+04 2.4787500E+04 3.1827800E+04 4.0867700E+04 5.2475200E+04

6.7379500E+04 8.6517000E+04 1.1109000E+05 1.4264200E+05 1.8315600E+05

2.3517700E+05 3.0197400E+05 3.8774200E+05 4.9787100E+05 6.3927900E+05

8.2085000E+05 1.0539900E+06 1.3533500E+06 1.7377400E+06 2.2313000E+06

2.8650500E+06 3.6787900E+06 4.7236700E+06 6.0653100E+06 7.7880100E+06

1.0000000E+07

5.3 Main calculation

5.3.1 Make output directory

Make directory “out” under your working directory, where NJOY output files are saved.

5.3.2 errorf.inp

Prepare an input file “errorf.inp”. This input file gives basic parameters of the ERRORF calcula-

tion.
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Input specifications:

* card 1

endf input (name of input file in endf format)

* card 2

imode (always 1)

* card 3

lvalue (orbital angular momentum, 9 for all l, must be same as getleve.inp)

* card 4

lev min (minimum index of level taken from list lev.txt)

* card 5

lev max (maximum index of level taken from list lev.txt)

* card 6

phq min (minimum index of physical quantity to which sensitivity is considered, see Table 1).

* card 7

phq max (maximum index of physical quantity to which sensitivity is considered, see Table 1).

* card 8

temp (temperature in calculation of temperature gradient, T in Eqs. (17) – (19) in Kelvin.)

* card 9

dtemp (step of temperature in calculation of temperature gradient, ∆T in Eqs. (17) – (19) in Kelvin.)

* card 10

tempref (reference temperature in calculation of temperature gradient, Tref in Eq. (3) in Kelvin.)

* card 11

factor (modification factor to resonance parameter in calculation of sensitivity, �)

* card 12

freac (index of reaction channel to be calculated, see Table 1)

* card 13

isig0 (index of background cross section to be calculated listed in the card 3 of prenjoy.inp)

(end of file)

Example 5:

Below is an example of “errorf.inp”, where sensitivity of capture width of the 22-th level to self-

shielding factor and its temperature gradient for capture reaction at temperature T=800 K is calcu-

lated with a temperature step ∆T=200 K, reference temperature Tref=0 K, modification factor 1.05,

and the 7-th background cross section in prenjoy.inp.

../jendl/j33-u238.txt

10



JAEA-Data/Code  2008-012

－ 11 －

Table 1: Definition of physical quantity index and reaction index

index physical quantity

1 Er (resonance energy)

2 Γn (neutron width)

3 Γg (capture width)

4 Γfa (first partial fission width)

5 Γfb (second partial fission width)

index reaction channel

1 total

2 elastic

18 fission

102 capture

1

0

22

22

3

3

800

200

0

1.05

102

7

5.3.3 Run ERRORF

% errorf.sh < errorf.inp >& errorf.log &

Execution time for the sample input (1 physical quantity and 1 resonance level) is about 7 min on a

DualCore Intel Xenon Processor 5110 (1.6 GHz). Usually total calculation time is proportional to

number of quantities times number of levels.

5.4 Output

5.4.1 Main output files

If the system is properly installed and the test calculation is done, we get 3 main outputs after the

ERRORF calculation
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product 1.dat Variances for f-factor and its temperature gradient (See Eqs. (8) – (11)).

product 2.dat Contribution of energy intervals to f-factor’s temperature gradient (See Eq. (16)).

product 3.dat Correlation matrix for f-factor and its temperature gradient (See Eqs. (12) and (13)).

Another example of outputs from these three files can be seen in Table 2 to 5 in the reference [3].

Example 6:
Below is an example of “product 1.dat” obtained in the test run.

Grp Ehigh f df/f df/f a da/a da/a

tot var *1e-4 tot var

(ev) (%) (%) (/deg) (%) (%)

49 6.1442E+01 1.0061 0.0005 0.0005 0.0306 0.0000 0.0000

50 4.7851E+01 0.6398 0.0000 0.0000 0.5384 0.0000 0.0000

51 3.7267E+01 0.0308 0.0000 0.0000 0.4830 0.0000 0.0000

52 2.9023E+01 0.9747 0.0000 0.0000 0.0662 0.0000 0.0000

53 2.2603E+01 0.0447 0.0000 0.0000 1.1949 0.0000 0.0000

54 1.7604E+01 1.0051 0.0005 0.0005 0.0346 1.3943 1.3943

55 1.3710E+01 0.9987 0.0020 0.0020 0.0263 1.9403 1.9403

56 1.0677E+01 0.9920 0.0078 0.0078 0.0979 0.4338 0.4338

57 8.3153E+00 0.0480 0.8597 0.8597 1.2504 1.6886 1.6886

58 6.4760E+00 0.8285 0.5156 0.5156 1.0289 1.8684 1.8684

59 5.0435E+00 1.0019 0.0005 0.0005 0.0422 0.0005 0.0005

60 3.9279E+00 1.0014 0.0005 0.0005 0.0220 0.5505 0.5505

61 3.0590E+00 1.0010 0.0005 0.0005 0.0155 1.5629 1.5629

62 2.3824E+00 1.0007 0.0005 0.0005 0.0110 1.1013 1.1013

63 1.8554E+00 1.0006 0.0000 0.0000 0.0112 1.0773 1.0773

64 1.4450E+00 1.0007 0.0000 0.0000 0.0127 0.9506 0.9506

65 1.1254E+00 1.0005 0.0000 0.0000 0.0095 0.0000 0.0000

66 8.7643E-01 1.0007 0.0000 0.0000 0.0130 0.0000 0.0000

67 6.8256E-01 1.0008 0.0000 0.0000 0.0155 0.0000 0.0000

68 5.3158E-01 1.0003 0.0000 0.0000 0.0067 0.0000 0.0000

69 4.1399E-01 1.0002 0.0000 0.0000 0.0052 0.0000 0.0000

70 3.2242E-01 0.9912 0.0082 0.0082 0.0005 2.4315 2.4315

Example 7:
Below is an example of “product 2.dat” obtained in the test run.

Grp Eh da/a rsx1 rsx2 rsx3 ...... rsx9 rsx10

(ev) % % % % ...... % %

49 6.1E+1 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

50 4.8E+1 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

51 3.7E+1 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

52 2.9E+1 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

53 2.3E+1 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

54 1.8E+1 1.3943 1.3943 0.0000 0.0000 ...... 0.0000 0.0000

55 1.4E+1 1.9403 1.9403 0.0000 0.0000 ...... 0.0000 0.0000

56 1.1E+1 0.4338 0.4338 0.0000 0.0000 ...... 0.0000 0.0000

57 8.3E+0 1.6886 1.6886 0.0000 0.0000 ...... 0.0000 0.0000

58 6.5E+0 1.8684 1.8684 0.0000 0.0000 ...... 0.0000 0.0000
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59 5.0E+0 0.0005 0.0005 0.0000 0.0000 ...... 0.0000 0.0000

60 3.9E+0 0.5505 0.5505 0.0000 0.0000 ...... 0.0000 0.0000

61 3.1E+0 1.5629 1.5629 0.0000 0.0000 ...... 0.0000 0.0000

62 2.4E+0 1.1013 1.1013 0.0000 0.0000 ...... 0.0000 0.0000

63 1.9E+0 1.0773 1.0773 0.0000 0.0000 ...... 0.0000 0.0000

64 1.4E+0 0.9506 0.9506 0.0000 0.0000 ...... 0.0000 0.0000

65 1.1E+0 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

66 8.8E-1 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

67 6.8E-1 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

68 5.3E-1 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

69 4.1E-1 0.0000 0.0000 0.0000 0.0000 ...... 0.0000 0.0000

70 3.2E-1 2.4315 2.4315 0.0000 0.0000 ...... 0.0000 0.0000

Example 8:
Below is an example of “product 3.dat” obtained in the test run.

correlation matrix for alpha value

..... 54 55 56 57 58 59 60 61 62 63 64 ..... 70

49 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

50 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

51 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

52 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

53 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

54 ..... 100 100 100 100 100 -99 -99 -99 -99 100 100 ..... -99

55 ..... 100 100 100 100 100 -99 -99 -99 -99 100 100 ..... -99

56 ..... 100 100 100 100 100 -99 -99 -99 -99 100 100 ..... -99

57 ..... 100 100 100 100 100 -99 -99 -99 -99 100 100 ..... -99

58 ..... 100 100 100 100 100 -99 -99 -99 -99 100 100 ..... -99

59 ..... -99 -99 -99 -99 -99 100 100 100 100 -99 -99 ..... 100

60 ..... -99 -99 -99 -99 -99 100 100 100 100 -99 -99 ..... 100

61 ..... -99 -99 -99 -99 -99 100 100 100 100 -99 -99 ..... 100

62 ..... -99 -99 -99 -99 -99 100 100 100 100 -99 -99 ..... 100

63 ..... 100 100 100 100 100 -99 -99 -99 -99 100 100 ..... -99

64 ..... 100 100 100 100 100 -99 -99 -99 -99 100 100 ..... -99

65 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

66 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

67 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

68 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

69 ..... 0 0 0 0 0 0 0 0 0 0 0 ..... 0

70 ..... -99 -99 -99 -99 -99 100 100 100 100 -99 -99 ..... 100

correlation matrix for f-factor

49 ..... 54 55 56 57 58 59 60 61 62 63 ..... 70

49 100 ..... -99 100 -99 -99 100 100 -99 -99 -99 0 ..... 100

50 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

51 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

52 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

53 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

54 -99 ..... 100 -99 100 100 -99 -99 100 100 100 0 ..... -99
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55 100 ..... -99 100 -99 -99 100 100 -99 -99 -99 0 ..... 100

56 -99 ..... 100 -99 100 100 -99 -99 100 100 100 0 ..... -99

57 -99 ..... 100 -99 100 100 -99 -99 100 100 100 0 ..... -99

58 100 ..... -99 100 -99 -99 100 100 -99 -99 -99 0 ..... 100

59 100 ..... -99 100 -99 -99 100 100 -99 -99 -99 0 ..... 100

60 -99 ..... 100 -99 100 100 -99 -99 100 100 100 0 ..... -99

61 -99 ..... 100 -99 100 100 -99 -99 100 100 100 0 ..... -99

62 -99 ..... 100 -99 100 100 -99 -99 100 100 100 0 ..... -99

63 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

64 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

65 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

66 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

67 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

68 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

69 0 ..... 0 0 0 0 0 0 0 0 0 0 ..... 0

70 100 ..... -99 100 -99 -99 100 100 -99 -99 -99 0 ..... 100

5.4.2 Other output files

In addition to main output files, we get 4 types of output under working directory “out”:

ffactor mnnnn f-factor table

ftoalpha mnnnn sensivity coefficient table

endf mnnnn modified endf file

gendf mnnnn modified gendf file

output mnnnn njoy output

m denotes an index of physical quantity modified (1 ≥ m ≥ 5, defined in Section 5.2). n denotes an

index of resonance level modified (defined in “list lev.txt” explained in Section 5.1.2).

“ffactor mnnnn” has 6 columns:

Igrp Group index

Ehigh Upper boundary energy (eV)

ffact(0) fg(xi, Tref)

ffact(1) fg(xi, T − ∆T )

ffact(2) fg(xi, T )

ffact(3) fg(xi, T + ∆T )

“ftoalpha mnnnn” has 8 columns (See also Eqs. (18), (17) and (19)):

14



JAEA-Data/Code  2008-012

－ 15 －

Igrp Group index

Ehigh Upper boundary energy (eV)

alph3 αg(xi, T )

sfpr3(1) sg
i (x, T − ∆T )

sfpr3(2) sg
i (x, T )

sfpr3(3) sg
i (x, T + ∆T )

dsft3 [sg
i (x, T + ∆T ) − sg

i (x, T − ∆T )]/2T

sapr3 Sg
i (x, T )

5.5 Analysis for various reactionchannels/background cross sections

In the ERRORF code, one ERRORF run provides self-shielding factors and related quantities for

a set of reaction channels and background cross sectoions (σb) defined in prenjoy.inp, and these are

stored under the working directory ”out”.

There is a limitation that the final output file of the ERRORF code is for one reaction channel and

one background cross section defined in the 12th and 13th card of “errorf.inp”. Hence, the ERRORF

code has an option to utilize self-shielding factors and ralated quantities stored in the working di-

rectory. With this option, you can obtain results for other reaction cross sections / background cross

sections without NJOY calculations as long as you keep the NJOY output files under directory “out”.

Example 9:

Below is an example of for a calculation without NJOY run. This looks similar to Example 5, but

NJOY calculation is skipped (the 2nd card is 2). In this case, you obtain results at the 6th sig0

(background cross section) in the NJOY input is used (the 13th card is 6) for the fission reaction (the

12th card is 18).

../jendl/j33-u238.txt

2

0

22

22

3

3

800

200

0
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1.05

18

6

Then rerun errorf with “recalc.inp”

% errorf.sh < recalc.inp >& recalc.log&

6 Conclusion

The ERRORF code was developed to evaluate covariance of self-shielding factor and its tem-

perature gradient. The current version covers resonance parameters expressed by the Reich-Moore

formalism and other expression is not supported yet. In addition, unresolved resonance is also out-

side of the scope of the current version because of limitation of covariance expression in the current

ENDF format. Extension of the current version to these data expressions must be done in future as

needs arise.
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